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FIG. 7
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FIG. 8
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1
METHOD FOR TRANSMITTING AND
RECEIVING SIGNAL IN WIRELESS
COMMUNICATION SYSTEM AND
APPARATUS FOR PERFORMING SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the National Phase of PCT Interna-
tional Application No. PCT/KR2016/004353 filed on Apr.
26, 2016, which claims priority under 35 U.S.C. 119(e) to
U.S. Provisional Application No. 62/154,666 filed on Apr.
29, 2015, all of which are hereby expressly incorporated by
reference into the present application.

TECHNICAL FIELD

The present invention relates to a wireless communication
system, and more particularly, to a method of transmitting or
receiving a signal in a wireless communication system
supportive of non-orthogonal multiple access and apparatus
therefor.

BACKGROUND ART

Wireless communication systems have been widely
deployed to provide various types of communication ser-
vices such as voice or data. In general, a wireless commu-
nication system is a multiple access system that supports
communication with multiple users by sharing available
system resources (e.g., bandwidth, transmit power, etc.). The
multiple access system can be categorized into orthogonal
multiple access (OMA) and non-orthogonal multiple access
(NOMA) depending on whether orthogonality is guaranteed.

As examples of the OMA, frequency division multiple
access (FDMA), time division multiple access (TDMA),
code division multiple access (CDMA), spatial domain
multiple access (SDMA) are included. For each of them, the
multiple access is performed in a frequency domain, time
domain, code domain, and spatial domain.

Meanwhile, as a multiple access scheme in a power
domain, the NOMA can be interconnected with the OMA,
whereby it is possible to improve spectral efficiency.

DISCLOSURE OF THE INVENTION

Technical Task

The technical task of the present invention is to provide a
method and apparatus for transmitting or receiving a NOMA
signal more efficiently and accurately in a wireless commu-
nication system supportive of non-orthogonal multiple
access (NOMA).

Technical tasks obtainable from the present invention are
non-limited by the above-mentioned technical task. And,
other unmentioned technical tasks can be clearly understood
from the following description by those having ordinary
skill in the technical field to which the present invention
pertains.

Technical Solutions

In one technical aspect of the present invention, provided
herein is a method of receiving a signal by a first user
equipment in a wireless communication system supportive
of non-orthogonal multiple access (NOMA), including
receiving a NOMA signal in which signals of NOMA-paired

10

15

20

25

30

35

40

45

50

55

60

65

2

UEs are multiplexed by different power values and cancel-
ing, from the NOMA signal, interference caused by a second
UE which is paired with the first UE, on a resource in which
the NOMA signal is received, wherein the first UE is
NOMA -paired with a plurality of UEs including the second
UE on different resources, respectively and wherein the
second UE among the plurality of UEs is specified through
a hybrid automatic repeat request (HARQ) process sched-
uled for the first UE on the resource in which the NOMA
signal is received.

In another technical aspect of the present invention,
provided herein is a first user equipment (UE) for receiving
a signal in a wireless communication system supportive of
non-orthogonal multiple access (NOMA), the first UE a
receiver for receiving a NOMA signal in which signals of
NOMA-paired UEs are multiplexed by different power
values and a processor for canceling, from the NOMA
signal, interference caused by a second UE which is paired
with the first UE, on a resource in which the NOMA signal
is received, wherein the first UE is NOMA-paired with a
plurality of UEs including the second UE on different
resources, respectively and wherein the second UE among
the plurality of UEs is specified through a hybrid automatic
repeat request (HARQ) process scheduled for the first UE on
the resource in which the NOMA signal is received.

Preferably, each of the plurality of UEs NOMA-paired
with the first UE may be mapped to at least one of a plurality
of HARQ processes configured for the first UE.

Preferably, the first UE and each of the plurality of UEs
may have a same HARQ process number on a NOMA-
paired resource.

Preferably, the first user equipment may obtain downlink
control information of the second UE based on identifier
information of the specified second UE and may cancel a
signal of the second UE detected through the downlink
control signal of the second UE is canceled from the NOMA
signal.

Preferably, at least two of the plurality of UEs may be
NOMA-paired with the first UE on different physical
resource blocks (PRBs) of a same subframe. More prefer-
ably, the first UE may receive, from a base station, infor-
mation on a frequency band of each of the at least two UEs
and the information on the frequency band may indicate an
entire frequency band of each of the at least two UEs
including the PRBs.

Preferably, the first UE may receive information indicat-
ing a set of subframes in which NOMA operation with the
plurality of UEs is performed.

Preferably, the first UE may receive information on the
plurality of UEs NOMA-paired with the first UE.

Advantageous Effects

According to one embodiment of the present invention, in
a wireless communication system supportive of non-or-
thogonal multiple access (NOMA), since a single UE is
NOMA -paired with a plurality of UEs, scheduling fairness
damage and throughput loss due to a NOMA operation are
minimized. And, a NOMA signal can be transmitted or
received more efficiently and accurately by achieving a
NOMA pairing in consideration of an HARQ process.

Effects obtainable from the present invention are non-
limited by the above mentioned effect. And, other unmen-
tioned effects can be clearly understood from the following
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description by those having ordinary skill in the technical
field to which the present invention pertains.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 1 is a diagram showing a structure of a radio frame.

FIG. 2 is a diagram showing a resource grid in a downlink
slot.

FIG. 3 is a diagram showing a structure of a downlink
subframe.

FIG. 4 is a diagram showing a structure of an uplink
subframe.

FIG. 5 is a diagram of configuration of a wireless com-
munication system having multiple antennas.

FIG. 6 is a diagram to describe an initial access procedure
used for a 3GPP system and a signal transceiving method
using physical channels.

FIG. 7 shows one example of a NOMA environment
according to one embodiment of the present invention.

FIG. 8 shows one example of a NOMA environment
according to another embodiment of the present invention.

FIG. 9 is a diagram to describe a NOMA pairing accord-
ing to one embodiment of the present invention.

FIG. 10 is a flowchart of a method of transmitting/
receiving a NOMA signal according to one embodiment of
the present invention.

FIG. 11 is a diagram showing configurations of a trans-
mitting point device and a receiving point device according
to an embodiment type of the present invention.

BEST MODE FOR INVENTION

The embodiments of the present invention described
herein below are combinations of elements and features of
the present invention. The elements or features may be
considered selective unless otherwise mentioned. Each ele-
ment or feature may be practiced without being combined
with other elements or features. Further, an embodiment of
the present invention may be constructed by combining parts
of the elements and/or features. Operation orders described
in embodiments of the present invention may be rearranged.
Some constructions or features of any one embodiment may
be included in another embodiment and may be replaced
with corresponding constructions or features of another
embodiment.

In the embodiments of the present invention, a description
is made, centering on a data transmission and reception
relationship between a Base Station (BS) and a User Equip-
ment (UE). The BS is a terminal node of a network, which
communicates directly with a UE. In some cases, a specific
operation described as performed by the BS may be per-
formed by an upper node of the BS.

Namely, it is apparent that, in a network comprised of a
plurality of network nodes including a BS, various opera-
tions performed for communication with a UE may be
performed by the BS or network nodes other than the BS.
The term ‘BS’ may be replaced with the term ‘fixed station’,
‘Node B’, ‘evolved Node B (eNode B or eNB)’, ‘Access
Point (AP)’, etc. The term ‘relay’ may be replaced with the
term ‘Relay Node (RN)’ or ‘Relay Station (RS)’. The term
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4

‘terminal’ may be replaced with the term ‘UE’, ‘Mobile
Station (MS)’, ‘Mobile Subscriber Station (MSS)’, ‘Sub-
scriber Station (SS)’, etc.

The term “cell”, as used herein, may be applied to
transmission and reception points such as a base station
(eNB), sector, remote radio head (RRH) and relay, and may
also be extensively used by a specific transmission/reception
point to distinguish between component carriers.

Specific terms used for the embodiments of the present
invention are provided to help the understanding of the
present invention. These specific terms may be replaced with
other terms within the scope and spirit of the present
invention.

In some cases, to prevent the concept of the present
invention from being ambiguous, structures and apparatuses
of the known art will be omitted, or will be shown in the
form of a block diagram based on main functions of each
structure and apparatus. Also, wherever possible, the same
reference numbers will be used throughout the drawings and
the specification to refer to the same or like parts.

The embodiments of the present invention can be sup-
ported by standard documents disclosed for at least one of
wireless access systems, Institute of Electrical and Electron-
ics Engineers (IEEE) 802, 3rd Generation Partnership Proj-
ect (3GPP), 3GPP Long Term Evolution (3GPP LTE), LTE-
Advanced (LTE-A), and 3GPP2. Steps or parts that are not
described to clarify the technical features of the present
invention can be supported by those documents. Further, all
terms as set forth herein can be explained by the standard
documents.

NOMA Techniques described herein can be used in vari-
ous wireless access systems such as Code Division Multiple
Access (CDMA), Frequency Division Multiple Access
(FDMA), Time Division Multiple Access (TDMA),
Orthogonal Frequency Division Multiple Access (OFDMA),
Single Carrier-Frequency Division Multiple Access (SC-
FDMA), etc. CDMA may be implemented as a radio tech-
nology such as Universal Terrestrial Radio Access (UTRA)
or CDMA2000. TDMA may be implemented as a radio
technology such as Global System for Mobile communica-
tions (GSM)/General Packet Radio Service (GPRS)/En-
hanced Data Rates for GSM Evolution (EDGE). OFDMA
may be implemented as a radio technology such as IEEE
802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20,
Evolved-UTRA (E-UTRA) etc. UTRA is a part of Universal
Mobile Telecommunications System (UMTS). 3GPP LTE is
a part of Evolved UMTS (E-UMTS) using E-UTRA. 3GPP
LTE employs OFDMA for downlink and SC-FDMA for
uplink. LTE-A is an evolution of 3GPP LTE. WiMAX can be
described by the IEEE 802.16e standard (Wireless Metro-
politan Area Network (WirelessMAN)-OFDMA Reference
System) and the IEEE 802.16m standard (WirelessMAN-
OFDMA Advanced System). For clarity, this application
focuses on the 3GPP LTE and LTE-A systems. However, the
technical features of the present invention are not limited
thereto.

LTE/LTE-A Resource Structure/Channel

With reference to FIG. 1, the structure of a radio frame
will be described below.

In a cellular Orthogonal Frequency Division Multiplexing
(OFDM) wireless packet communication system, uplink
and/or downlink data packets are transmitted in subframes.
One subframe is defined as a predetermined time period
including a plurality of OFDM symbols. The 3GPP LTE
standard supports a type-1 radio frame structure applicable
to Frequency Division Duplex (FDD) and a type-2 radio
frame structure applicable to Time Division Duplex (TDD).
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FIG. 1(a) illustrates the type-1 radio frame structure. A
downlink radio frame is divided into 10 subframes. Each
subframe is further divided into two slots in the time
domain. A unit time during which one subframe is trans-
mitted is defined as a Transmission Time Interval (TTI). For
example, one subframe may be 1 ms in duration and one slot
may be 0.5 ms in duration. A slot includes a plurality of
OFDM symbols in the time domain and a plurality of
Resource Blocks (RBs) in the frequency domain. Because
the 3GPP LTE system adopts OFDMA for downlink, an
OFDM symbol represents one symbol period. An OFDM
symbol may be referred to as an SC-FDMA symbol or
symbol period. An RB is a resource allocation unit including
a plurality of contiguous subcarriers in a slot.

The number of OFDM symbols in one slot may vary
depending on a Cyclic Prefix (CP) configuration. There are
two types of CPs: extended CP and normal CP. In the case
of the normal CP, one slot includes 7 OFDM symbols. In the
case of the extended CP, the length of one OFDM symbol is
increased and thus the number of OFDM symbols in a slot
is smaller than in the case of the normal CP. Thus when the
extended CP is used, for example, 6 OFDM symbols may be
included in one slot. If channel state gets poor, for example,
during fast movement of a UE, the extended CP may be used
to further decrease Inter-Symbol Interference (ISI).

In the case of the normal CP, one subframe includes 14
OFDM symbols because one slot includes 7 OFDM sym-
bols. The first two or three OFDM symbols of each subframe
may be allocated to a Physical Downlink Control CHannel
(PDCCH) and the other OFDM symbols may be allocated to
a Physical Downlink Shared Channel (PDSCH).

FIG. 1(b) illustrates the type-2 radio frame structure. A
type-2 radio frame includes two half frames, each having 5
subframes, a Downlink Pilot Time Slot (DwWPTS), a Guard
Period (GP), and an Uplink Pilot Time Slot (UpPTS). Each
subframe is divided into two slots. The DwPTS is used for
initial cell search, synchronization, or channel estimation at
a UE. The UpPTS is used for channel estimation and
acquisition of uplink transmission synchronization to a UE
at an eNB. The GP is a period between an uplink and a
downlink, which cancels uplink interference caused by
multipath delay of a downlink signal. One subframe
includes two slots irrespective of the type of a radio frame.

The above-described radio frame structures are purely
exemplary and thus it is to be noted that the number of
subframes in a radio frame, the number of slots in a
subframe, or the number of symbols in a slot may vary.

FIG. 2 illustrates the structure of a downlink resource grid
for the duration of one downlink slot. A downlink slot
includes 7 OFDM symbols in the time domain and an RB
includes 12 subcarriers in the frequency domain, which does
not limit the scope and spirit of the present invention. For
example, a downlink slot may include 7 OFDM symbols in
the case of the normal CP, whereas a downlink slot may
include 6 OFDM symbols in the case of the extended CP.
Each element of the resource grid is referred to as a
Resource Element (RE). An RB includes 12x7 REs. The
number of RBs in a downlink slot, NDL depends on a
downlink transmission bandwidth. An uplink slot may have
the same structure as a downlink slot.

FIG. 3 illustrates the structure of a downlink subframe.
Up to three OFDM symbols at the start of the first slot in a
downlink subframe are used for a control region to which
control channels are allocated and the other OFDM symbols
of'the downlink subframe are used for a data region to which
a PDSCH is allocated. Downlink control channels used in
the 3GPP LTE system include a Physical Control Format

10

15

20

25

30

35

40

45

50

55

60

65

6

Indicator CHannel (PCFICH), a Physical Downlink Control
CHannel (PDCCH), and a Physical Hybrid automatic repeat
request (HARQ) Indicator CHannel (PHICH). The PCFICH
is located in the first OFDM symbol of a subframe, carrying
information about the number of OFDM symbols used for
transmission of control channels in the subframe. The
PHICH delivers an HARQ ACKnowledgment/Negative
ACKnowledgment (ACK/NACK) signal in response to an
uplink transmission. Control information carried on the
PDCCH is called Downlink Control Information (DCI). The
DCI transports uplink or downlink scheduling information,
or uplink transmission power control commands for UE
groups. The PDCCH delivers information about resource
allocation and a transport format for a Downlink Shared
CHannel (DL-SCH), resource allocation information about
an Uplink Shared CHannel (UL-SCH), paging information
of a Paging CHannel (PCH), system information on the
DL-SCH, information about resource allocation for a
higher-layer control message such as a Random Access
Response transmitted on the PDSCH, a set of transmission
power control commands for individual UEs of a UE group,
transmission power control information, Voice Over Internet
Protocol (VoIP) activation information, etc. A plurality of
PDCCHs may be transmitted in the control region. A UE
may monitor a plurality of PDCCHs. A PDCCH is formed
by aggregating one or more consecutive Control Channel
Elements (CCEs). A CCE is a logical allocation unit used to
provide a PDCCH at a coding rate based on the state of a
radio channel. A CCE includes a plurality of RE groups. The
format of a PDCCH and the number of available bits for the
PDCCH are determined according to the correlation
between the number of CCEs and a coding rate provided by
the CCEs. An eNB determines the PDCCH format according
to DCI transmitted to a UE and adds a Cyclic Redundancy
Check (CRC) to control information. The CRC is masked by
an Identifier (ID) known as a Radio Network Temporary
Identifier (RNTI) according to the owner or usage of the
PDCCH. If the PDCCH is directed to a specific UE, its CRC
may be masked by a cell-RNTI (C-RNTI) of the UE. If the
PDCCH is for a paging message, the CRC of the PDCCH
may be masked by a Paging Indicator Identifier (P-RNTT).
If the PDCCH carries system information, particularly, a
System Information Block (SIB), its CRC may be masked
by a system information ID and a System Information RNTI
(SI-RNTI). To indicate that the PDCCH carries a Random
Access Response in response to a Random Access Preamble
transmitted by a UE, its CRC may be masked by a Random
Access-RNTI (RA-RNTI).

FIG. 4 illustrates the structure of an uplink subframe. An
uplink subframe may be divided into a control region and a
data region in the frequency domain. A Physical Uplink
Control CHannel (PUCCH) carrying uplink control infor-
mation is allocated to the control region and a Physical
Uplink Shared Channel (PUSCH) carrying user data is
allocated to the data region. To maintain the property of a
single carrier, a UE does not transmit a PUSCH and a
PUCCH simultaneously. A PUCCH for a UE is allocated to
an RB pair in a subframe. The RBs of the RB pair occupy
different subcarriers in two slots. Thus it is said that the RB
pair allocated to the PUCCH is frequency-hopped over a slot
boundary.

Reference Signals (RSs)

In a wireless communication system, a packet is trans-
mitted on a radio channel. In view of the nature of the radio
channel, the packet may be distorted during the transmis-
sion. To receive the signal successfully, a receiver should
compensate for the distortion of the received signal using
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channel information. Generally, to enable the receiver to
acquire the channel information, a transmitter transmits a
signal known to both the transmitter and the receiver and the
receiver acquires knowledge of channel information based
on the distortion of the signal received on the radio channel.
This signal is called a pilot signal or an RS.

In the case of data transmission and reception through
multiple antennas, knowledge of channel states between
Transmission (Tx) antennas and Reception (Rx) antennas is
required for successful signal reception. Accordingly, an RS
should be transmitted through each Tx antenna.

RSs may be divided into downlink RSs and uplink RSs.
In the current LTE system, the uplink RSs include:

i) DeModulation-Reference Signal (DM-RS) used for
channel estimation for coherent demodulation of informa-
tion delivered on a PUSCH and a PUCCH; and

i1) Sounding Reference Signal (SRS) used for an eNB or
a network to measure the quality of an uplink channel in a
different frequency.

The downlink RSs are categorized into:

i) Cell-specific Reference Signal (CRS) shared among all
UEs of a cell;

i1) UE-specific RS dedicated to a specific UE;

iii) DM-RS used for coherent demodulation of a PDSCH,
when the PDSCH is transmitted;

iv) Channel State Information-Reference Signal (CSI-RS)
carrying CSI, when downlink DM-RSs are transmitted;

v) Multimedia Broadcast Single Frequency Network
(MBSFN) RS used for coherent demodulation of a signal
transmitted in MBSFN mode; and

vi) positioning RS used to estimate geographical position
information about a UE.

RSs may also be divided into two types according to their
purposes: RS for channel information acquisition and RS for
data demodulation. Since its purpose lies in that a UE
acquires downlink channel information, the former should
be transmitted in a broad band and received even by a UE
that does not receive downlink data in a specific subframe.
This RS is also used in a situation like handover. The latter
is an RS that an eNB transmits along with downlink data in
specific resources. A UE can demodulate the data by mea-
suring a channel using the RS. This RS should be transmitted
in a data transmission area.

Modeling of MIMO System

FIG. 5 is a diagram illustrating a configuration of a
wireless communication system having multiple antennas.

As shown in FIG. 5(a), if the number of transmit antennas
is increased to N, and the number of receive antennas is
increased to Ny, a theoretical channel transmission capacity
is increased in proportion to the number of antennas, unlike
the case where a plurality of antennas is used in only a
transmitter or a receiver. Accordingly, it is possible to
improve a transfer rate and to remarkably improve fre-
quency efficiency. As the channel transmission capacity is
increased, the transfer rate may be theoretically increased by
a product of a maximum transfer rate Ro upon utilization of
a single antenna and a rate increase ratio Ri.

R=min(N;Ng) [Equation 1]

For instance, in an MIMO communication system, which
uses 4 transmit antennas and 4 receive antennas, a trans-
mission rate 4 times higher than that of a single antenna
system can be obtained. Since this theoretical capacity
increase of the MIMO system has been proved in the middle
of 90’s, many ongoing efforts are made to various tech-
niques to substantially improve a data transmission rate. In
addition, these techniques are already adopted in part as
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standards for various wireless communications such as 3G
mobile communication, next generation wireless LAN and
the like.

The trends for the MIMO relevant studies are explained as
follows. First of all, many ongoing efforts are made in
various aspects to develop and research information theory
study relevant to MIMO communication capacity calcula-
tions and the like in various channel configurations and
multiple access environments, radio channel measurement
and model derivation study for MIMO systems, spatiotem-
poral signal processing technique study for transmission
reliability enhancement and transmission rate improvement
and the like.

In order to explain a communicating method in an MIMO
system in detail, mathematical modeling can be represented
as follows. It is assumed that there are N, transmit antennas
and Nj receive antennas.

Regarding a transmitted signal, if there are N, transmit
antennas, the maximum number of pieces of information
that can be transmitted is N, Hence, the transmission
information can be represented as shown in Equation 2.

s=lspsz s SNTJT [Equation 2]

Meanwhile, transmit powers can be set different from
each other for individual pieces of transmission information
S, 825 - - - , S, respectively. If the transmit powers are set to
Py, Py, . . ., Py, respectively, the transmission information
with adjusted transmit powers can be represented as Equa-
tion 3.

3=[5185 - - -, S =[PPy, - - Prsagd” [Equation 3]

In addition, S can be represented as Equation 4 using
diagonal matrix P of the transmission power.

[Equation 4]

=Ps

Assuming a case of configuring N, transmitted signals x,
Xy, - - - 5 Xp,, Which are actually transmitted, by applying
weight matrix W to the information vector S having the
adjusted transmit powers, the weight matrix W serves to
appropriately distribute the transmission information to each
antenna according to a transport channel state. X, X,, . . . ,
Xy, can be expressed by using the vector X as follows.

[Equation 5]
X] wir Y2 WiNg St
X2 W2 W22 Wang 52
x= = . | =Ws=WPs
Xi Wit Wiz WiNp S
*Np WNpL Whpz o Wnpng || Snp

In Equation 5, w,, denotes a weight between an transmit
antenna i” and j* information. W is also called a precoding
matrix.

Ifthe N receive antennas are present, respective received
signals y,, ¥, . . . ; Ya, Of the antennas can be expressed as
follows.

y=bya - .. gl T [Equation 6]
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If channels are modeled in the MIMO wireless commu-
nication system, the channels may be distinguished accord-
ing to transmit/receive antenna indexes. A channel from the
transmit antenna j to the receive antenna i is denoted by h,;.
In hy, it is noted that the indexes of the receive antennas
precede the indexes of the transmit antennas in view of the
order of indexes.

FIG. 5(b) is a diagram illustrating channels from the N,
transmit antennas to the receive antenna i. The channels may
be combined and expressed in the form of a vector and a
matrix. In FIG. 5(4), the channels from the N, transmit
antennas to the receive antenna i can be expressed as
follows.

ni=thy b ..., Frangy] [Equation 7]

Accordingly, all channels from the N, transmit antennas
to the N receive antennas can be expressed as follows.

nr il hiny [Equation 8]
K by hang
H= T =
] hin hi2 hing
nh hngt hvge oo hngng

An AWGN (Additive White Gaussian Noise) is added to
the actual channels after a channel matrix H. The AWGN n,,
Oy, . . ., Dy, respectively added to the Ny receive antennas
can be expressed as follows.

n=[nyn, ..., ”NR]T [Equation 9]

Through the above-described mathematical modeling, the
received signals can be expressed as follows.

[Equation 10]
v hy b vy [ n
Y2 oy b havy || x2 m
y= = + L= Hx+n
Vi iy b hing || % n;
wp ] gt Bwge o hwgwy Jlong | Lvg

Meanwhile, the number of rows and columns of the
channel matrix H indicating the channel state is determined
by the number of transmit and receive antennas. The number
of rows of the channel matrix H is equal to the number N
of receive antennas and the number of columns thereof is
equal to the number Ny of transmit antennas. That is, the
channel matrix H is an NgxN, matrix.

The rank of the matrix is defined by the smaller of the
number of rows and the number of columns, which are
independent from each other. Accordingly, the rank of the
matrix is not greater than the number of rows or columns.
The rank rank(H) of the channel matrix H is restricted as
follows.

rank(H)=min(N;Ng) [Equation 11]

Additionally, the rank of a matrix can also be defined as
the number of non-zero Eigen values when the matrix is
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Eigen-value-decomposed. Similarly, the rank of a matrix can
be defined as the number of non-zero singular values when
the matrix is singular-value-decomposed. Accordingly, the
physical meaning of the rank of a channel matrix can be the
maximum number of channels through which different
pieces of information can be transmitted.

In this description, “rank” for MIMO transmission refers
to the number of paths capable of independently transmitting
a signal at a specific time and using specific frequency
resources and the “number of layers” refers to the number of
signal streams transmitted through each path. In general,
since a transmission end transmits layers corresponding in
number to the number of ranks used for signal transmission,
the rank has the same meaning as the number of layers
unless stated otherwise.

Initial Access Procedure

FIG. 6 is a diagram to describe an initial access procedure
and signal transceiving method of a 3GPP system.

If a power of a UE is turned on or the UE newly enters a
cell, the UE performs an initial cell search for matching
synchronization with a base station and the like [S301]. To
this end, the UE receives PSS and SSS from the base station,
matches synchronization with the base station and then
obtains information such as a cell ID and the like. Subse-
quently, the UE receives PBCH (physical broadcast channel)
from the base station and is then able to obtain intra-cell
broadcast information. Meanwhile, the UE receives a down-
link reference signal (DL RS) in the initial cell searching
step and is then able to check a downlink channel status.

Having completed the initial cell search, the UE receives
a physical downlink control channel (PDCCH) and a physi-
cal downlink shared control channel (PDSCH) according to
information carried on the physical downlink control chan-
nel (PDCCH) and is then able to obtain system information
in further detail [S302].

Meanwhile, if the UE initially accesses the base station or
fails to have a radio resource for signal transmission, the UE
may perform a random access procedure (RACH) on the
base station [steps S303 to S306]. To this end, the UE
transmits a specific sequence as a preamble via a physical
random access channel (PRACH) [S303, S305] and is then
able to receive a response message via PDCCH and a
corresponding PDSCH in response to the preamble [S304,
S306]. In case of contention based RACH, a contention
resolution procedure may be performed in addition.

Having performed the above mentioned procedures, the
UE may perform PDCCH/PDSCH reception [S307] and
PUSCH/PUCCH (physical uplink shared channel/physical
uplink control channel) transmission [S308] as a general
uplink/downlink signal transmission procedure. In particu-
lar, the UE receives a downlink control information (DCI)
via PDCCH. In this case, the DCI includes such control
information as resource allocation information on a UE and
may differ in format in accordance with the purpose of its
use.

Meanwhile, control informations transmitted to or
received from the base station by the UE include DL/UL
ACK/NACK signal, CQI (channel quality indicator), PMI
(precoding matrix index), RI (rank indicator) and the like. In
case of the 3GPP LTE system, the UE may transmit the
above-mentioned control informations such as CQIL, PMI, RI
and the like via PUSCH and/or PUCCH.

NOMA (Non-Orthogonal Multiple Access)

As one of methods for increasing system throughput and
the like in a wireless communication system, Non-Orthogo-
nal Multiple Access (hereinafter abbreviated ‘NOMA)
operation is considered. In an existing OFDMA system, a
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resource is allocated per UE in frequency-time domain. Yet,
in a NOMA system, on the assumption that an interference
cancellation receiver is used, a plurality of UEs are assigned
to the same frequency-time resource based on a previously
determined power ratio. Interference between UEs assigned
to the same frequency-time resource can be reduced through
the interference cancellation receiver. Thus, the NOMA
system is mentioned as a technology candidate of the future
5G system as a multi-access scheme capable of improving
efficiency of bandwidth use.

FIG. 7 shows one example of a NOMA environment
according to one embodiment of the present invention.

In a NOMA environment, UEs (user equipments) having
different transmit powers assigned thereto can be configured
as a NOMA pair. In FIG. 8, for clarity, it is illustrated that
2 UEs UE1 and UE2 configure a NOMA pair. And, it is not
excluded that more UEs configure a NOMA pair or group.

A base station sets a different DL Tx power per UE
belonging to a NOMA pair and is able to send a NOMA
signal by superposing modulated symbols of each UE. For
example, a relatively small transmit power is set for the UE
1 and a relatively large power is set for the UE 2. Hence, a
transmit power assigned to the UE 2 is set greater than the
transmit power assigned to the UE 1 in the total transmit
power of the NOMA signal.

For clarity of the following description, a UE (e.g., UE 1),
to which a low power is assigned because the UE is located
in a short distance from a base station (or, because a channel
state is good), shall be named a CUE (center UE). And, a UE
(e.g., UE 2), to which a high power is assigned because the
UE is located in a long distance from a base station (or,
because a channel state is poor), shall be named an EUE
(edge UE).

In an NOMA system, a CUE cancels interference caused
to a received NOMA signal by an EUE signal and is then
able to decode a CUE signal. So to speak, since a transmit
power of the EUE signal in the NOMA signal is greater than
a transmit power of the CUE signal, if the interference
caused by the EUE signal is cancelled from the NOMA
signal, the CUE can correctly decode the CUE signal.

Meanwhile, the EUE may decode an EUE signal without
the interference cancellation process. This is because the
transmit power of the CUE signal over the transmit power of
the EUE signal can be negligibly small in aspect of the EUE.
Yet, the EUE is not prohibited from cancelling the interfer-
ence caused by the CUE signal from the NOMA signal to
improve reception performance of the EUE.

In the following description, through NOMA operation,
PDSCH sent to a CUE shall be named C-PDSCH and
PDSCH sent to an EUE shall be named E-PDSCH. Down-
link (DL) control information for scheduling C-PDSCH
shall be named C-DCI, and downlink (DL) control infor-
mation for scheduling E-PDSCH shall be named E-DCI.

According to one embodiment of the present invention,
C-DCI and E-DCI can be transmitted to CUE through
independent PDCCHs, respectively. For example, C-DCI is
transmitted through C-PDCCH (i.e., PDCCH for CUE), and
E-DCI is transmitted through E-PDCCH (i.e., PDCCH for
EUE). C-PDCCH and E-PDCCH may be individually trans-
mitted instead of being transmitted as a single NOMA
signal. CUE receives C-PDCCH and may additionally over-
hear E-PDCCH.

According to another embodiment of the present inven-
tion, a new DCI format may be defined for NOMA opera-
tion. For example, a new DCI format can include both
C-DCI information and E-DCI information, and a new DCI
having C-DCI and E-DCI combine therein may be trans-
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mitted through PDCCH. A new DCI format may be trans-
mitted by Non-NOMA scheme. A new DCI format may be
set in common to CUE and EUE. For example, CUE obtains
both C-DCI and E-DCI by decoding a new DCI format, and
EUE may use an E-DCI part only by decoding the new DCI
format. The new DCI format may be named as NOMA DCI.

Interference Cancellation in NOMA System

For elimination or cancellation of an EUE signal, an eNB
may send information on the EUE signal to a CUE. The
CUE should perform demodulation in consideration of a
signal of an EUE having a relatively large power while using
a same resource (e.g., time, frequency, space). For example,
the CUE generates an interference signal (e.g., EUE signal)
based on the information on the EUE signal and is then able
to obtain its signal (e.g., CUE signal) by cancelling the
interference signal from a received NOMA signal.

A method for a CUE to cancel interference caused by an
EUE signal in a NOMA system can be classified into
Symbol-Level Interference Cancellation (hereinafter abbre-
viated ‘SLIC”) or CodeWord-level Interference Cancellation
(hereinafter abbreviated ‘CWIC”).

SLIC means a scheme of cancelling a modulated symbol
of an interference signal from a received symbol by esti-
mating the interference signal up to a modulated symbol
level only. Therefore, in SLIC, decoding of an interference
signal is not performed but decoding can be performed on its
signal only.

According to CWIC, a CUE obtains an information bit
sequence (e.g., codeword) by performing decoding on an
interference signal as well as demodulation. Thereafter, the
CUE encodes and modulates the information bit sequence
(e.g., encoding and modulation of codeword like a trans-
mitter). The CUE obtains its signal (e.g., CUE signal) by
cancelling a signal (e.g., an estimated EUE signal) resulting
from multiplying a modulated symbol generated from
modulation result and an estimated channel component from
a received signal (e.g., a received NOMA signal).

CWIC has interference cancellation performance better
than that of SLIC. Yet, CWIC even requires needs informa-
tion for decoding, whereas SLIC requires schematic infor-
mation on modulation order of an interference signal only.
Hence, in case of CWIC, a size information (e.g., informa-
tion on an interference signal or an EUE signal) supposed to
be delivered to a CUE increases in comparison with a case
of SLIC.

Multiple NOMA Pairing Configuration & NOMA
Resource Configuration

As described above, NOMA operation means that UEs
perform multiple accesses in a power domain. For example,
in the NOMA operation, an available (DL) Tx power is
assigned in a manner of being distributed to CUE and EUE.
Hence, looking into NOMA operation in aspect of EUE, the
EUE experiences interference and noise already existing
before performing a NOMA operation and also receives
interference caused by CUE that shares the same beam with
the EUE by the NOMA operation. Hence, the EUE, which
receives the NOMA operation, receives interference and
noise more than those received by another ambient EUE
failing to receive the NOMA operation. Thus, the EUE
NOMA -paired with the CUE experiences losses in aspect of
throughput and scheduling fairness. For example, in overall
aspect of a wireless communication system, NOMA opera-
tion can use limited radio resources more intensively and
efficiently, and may be advantageous in aspects of total
system capacity and throughput. Yet, in individual UE’s
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aspect, it may be advantageous for an individual UE to
minimize power and resource sharing rather than to perform
NOMA operation.

Schemes for solving the aforementioned problem while
maintaining NOMA gain are described as follows.

According to one embodiment of the present invention, a
single CUE can perform NOMA operation with a plurality
of EUEs. Methods described in the following are applicable
not only to CUE but also to EUE capable of NOMA
operation and interference cancellation.

According to the following embodiments, since different
interferences are applied to different resources, respectively,
a sort of diversity gain can be obtained advantageously. For
example, although UE 1 performs NOMA operation with
UE 2 on a first resource, assume that UE 1 performs NOMA
operation with UE 3 on a second resource. In doing so,
although relatively large interference occurs in the first
resource, the UE 1 can perform NOMA operation through
the second resource. Thus, by setting the number of UEs
NOMA-paired with UE 1 to multiple and distributing
resources capable of NOMA operation, a sort of diversity
gain can be obtained.

If NOMA operation is performed between CUE and EUE
in aspect of eNB, it may include an operation of NOMA-
paring CUE and EUE with each other, providing transmis-
sion information of EUE to CUE, generating NOMA signal
by multiplexing a signal (e.g., C-PDSCH) of CUE and a
signal (e.g., E-PDSCH) of EUE with different power values,
respectively, and then sending the NOMA signal.

In aspect of CUE, if CUE performs NOMA operation with
EUE, it means that a signal is received on the assumption
that the CUE is NOMA-paired with the corresponding EUE.
For example, if CUE performs NOMA operation with EUE,
it may include an operation of canceling interference caused
by a signal of EUE from a NOMA signal having a signal
(e.g., C-PDSCH) of CUE and a signal (e.g., E-PDSCH) of
EUE multiplexed with different power values and receiving
the signal of CUE. Moreover, the NOMA operation with
EUE may include an operation for CUE to obtain E-DCI or
NOMA DCI to cancel interference caused by a signal of
EUE.

The following embodiments may be regarded as config-
uring a resource on which NOMA operation can be per-
formed. Thus, if a NOMA operation capable resource is
configured, it may be efficient in reducing complexity of UE
(e.g., in blind detection or the like, a case for a UE to
perform blind detection by RB units).

In order for CUE to receive its signal through NOMA
operation, the CUE should be aware of transmission infor-
mation (e.g., E-DCI or NOMA DCI) of EUE. Since a signal
of CUE and a signal of EUE are multiplexed with different
power values in a NOMA signal transmitted through NOMA
operation, the CUE can receive its signal correctly only if
cancelling interference caused by the signal of the EUE. As
a method for CUE to obtain transmission information of
EUE, it is able to use a scheme for CUE to detect a NOMA
DCI format newly defined for NOMA operation, a scheme
for CUE to overhear E-DCI, a scheme for CUE to blind-
detect information on E-PDSCH, and the like.

For example, if a resource on which NOMA operation
may be possibly performed is signaled to CUE, the CUE can
grasp a resource on which NOMA operation is not per-
formed based on the corresponding signaling. Since it is not
necessary for the CUE to overhear or blind-detect NOMA
DCI format or E-DCI from the resource on which the
NOMA operation is not performed, UE’s power consump-
tion can be reduced as well as UE complexity.
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In the following description, if an eNB indicates a NOMA
operation, it means that a resource on which NOMA opera-
tion may be possibly performed is indicated or that a
resource on which NOMA operation is actually performed is
indicated. In the following, a resource on which NOMA
operation may be possibly performed or a resource on which
NOMA operation is actually performed shall be named
NOMA resource.

NOMA resources according to embodiments of the pres-
ent invention may be defined in a time domain, a frequency
domain, and the like.

First of all, NOMA resource configuration in time domain
is described. In case that a plurality of EUEs are paired with
a single CUE in a time domain, the following method can be
used. In the following proposal, a NOMA subframe or
resource configured by an eNB may mean a NOMA per-
formed subframe or a subframe in which NOMA can be
performed. In case of meaning the subframe in which
NOMA can be performed, a UE (e.g., CUE) performs blind
detection on an interference signal (e.g., signal of EUE),
DCI (e.g., E-DCI) of an interference signal, or information
corresponding to DCI of an interference signal, thereby
determining whether a NOMA operation is actually per-
formed in the corresponding subframe. Moreover, the CUE
may receive different (NOMA) DCIs on time/frequency
resources on which different subframe sets or different
NOMA operations signaled by the eNB or overhear different
DClIs (of EUEs).

Indexes of the following embodiments are provided for
clarity of the description. It is not mandatory to configure an
independent invention per index. Embodiments having dif-
ferent indexes may configure a single invention by being
combined together.

Embodiment 1. NOMA Periodicity

An eNB can schedule NOMA operation with reference to
NOMA periodicity that is predefined or set by upper layer
signaling or the like. For example, a basic unit of NOMA
period is predefined as 1 radio frame (e.g., 10 ms), and an
eNB can schedule NOMA operation using a bitmap of the
corresponding basic unit.

According to the present embodiment, NOMA period is
preset for example. Yet, according to another embodiment,
an eNB may signal a basic unit of NOMA period to UEs
(e.g., through upper layer signaling). A basic unit of the
NOMA period set in the above manner may be set through
UE-specific signaling or cell-specific signaling.

An eNB may instruct a CUE of NOMA operation with a
plurality of EUEs through a corresponding bitmap. If the
CUE performs NOMA operation with a plurality of the
EUEs, the eNB may send information on a plurality of the
EUEs to the CUE. Information on different EUEs may be
provided to the CUE through different NOMA DCls, respec-
tively, or the CUE may obtain information on different EUEs
by overhearing or blind-detecting different E-DClIs. In order
for the CUE to overhear or blind-detect E-DCI, the eNB can
signal UE 1D (e.g., RNTI) of each of a plurality of the EUEs,
which will perform NOMA operation with the CUE, to the
CUE.

Embodiment 2. Subframe Specific NOMA Operation

According to one embodiment of the present invention,
NOMA operation can be performed subframe-specifically. If
a basic unit of NOMA period is a subframe, NOMA opera-
tion may be defined through a subframe set. The subframe
set for the NOMA operation may be defined per interfering
UE (e.g., EUE), or the paring with a plurality of EUEs may
be indicated through a single bitmap. For one example, in
case that an ENB intends to schedule NOMA operations of
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1 CUE and 2 EUEs, the eNB can signal a bitmap of a
specific length (e.g., 40 bits for 40 ms) to the CUE. In doing
so, the NOMA operation with EUE 1 may be defined as
performed on a bit set to ‘0’ in the bitmap, and the NOMA
operation with EUE 2 may be defined as performed on a bit
set to ‘1°. Meanwhile, the meaning of each bit value may be
defined to the contrary.

Or, the eNB may signal a bitmap for each EUE to the
CUE. For example, a bitmap 1 for the NOMA operation of
the CUE and the EUE 1 and a bitmap 2 for the NOMA
operation of the CUE and the EUE 2 may be provided to the
CUE. The NOMA operation with the corresponding EUE
may not be performed on a bit set to ‘0’ in each bitmap, but
the NOMA operation may be performed on a bit set to ‘1°.
Meanwhile, the meaning of each bit value may be defined to
the contrary.

According to one embodiment, NOMA operation of CUE
and EUE 1 and NOMA operation of CUE and EUE 2 are
configured, and the CUE can find out transmission infor-
mation to the corresponding EUE by overhearing each
E-DCI. For example, the CUE can overhear E-DCI in each
subframe set based on information (e.g., C-RNTI., .z,
C-RNTI,, ) of EUEs set by an eNB. For detailed example,
in a first subframe set for NOMA operation of CUE and EUE
1, the CUE can overhear (or attempt to blind-detect) DCI of
the EUE 1 using C-RNTI,,,. Since CRC of PDCCH
carrying the DCI of the EUE 1 is scrambled with C-RN-
Tz %, the CUE can blind-detect the PDCCH scrambled
with C-RNTI,, in the first subframe set using C-RN-
Tlzrz;- Similarly, in a second subframe set for NOMA
operation of CUE and EUE 2, the CUE can overhear (or
attempt to blind-detect) DCI of the EUE 2 using C-RN-
Tlerg-

Embodiment 3. HARQ Process Specific NOMA Opera-
tion

According to one embodiment of the present invention,
NOMA operation can be performed HARQ-process-specifi-
cally.

For instance, an eNB may indicate NOMA operations
with different EUEs by HARQ process unit. For example, a
CUE may be set or signaled so as to perform NOMA
operation with EUE 1 in HARQ processes 0, 2, 4 and 6
among total 8 HARQ processes configured for the CUE and
perform NOMA operation with EUE 2 in HARQ processes
1, 3, 5 and 7. For instance, if HARQ process number
information contained in NOMA DCI or C-DCI is 0, 2, 4 or
6, the CUE performs the NOMA operation with EUE 1.
Meanwhile, whether to perform NOMA operation with a
prescribed EUE at a prescribed HARQ process number may
be set by the eNB.

Thus, if NOMA operation is performed HARQ-process-
specifically, interference by CUE may be regarded as exist-
ing in a specific HARQ process only in aspect of EUE. As
describe above, this is because the NOMA operation can be
regarded as having interference caused by a CUE signal in
aspect of EUE. For instance, in case of EUE 1, interference
caused by CUE exists in the HARQ processes 0, 2, 4 and 6
but fails to exist in the HARQ processes 1, 3, 5 and 7.

If the NOMA operation with the EUE 1 is set to be
performed in the HARQ process 0, the CUE can assume that
an HARQ process number of the EUE is identical in a
subframe in which the NOMA operation is performed by the
HARQ process 0 of the CUE. For instance, if it is configured
that the CUE and the EUE 1 perform the NOMA operation
in HARQ process #N, an HARQ process number of the EUE
1 can be set to N in the subframe corresponding to the
HARQ process #N of the CUE. For instance, when the
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NOMA operation is performed, if the eNB schedules the
HARQ process #N for the CUE through C-DCI, the eNB can
be regarded as scheduling the HARQ process #N for the
EUE through E-DCI. Yet, in case of HARQ process for
which NOMA operation is not set, HARQ process numbers
of the CUE and the EUE may be set independent from each
other. For instance, since the CUE performs the NOMA
operation with the EUE 2 in the subframe corresponding to
the HARQ process #1 of the CUE, the HARQ process
number of the EUE 1 in the corresponding subframe may be
not 1 but 3, 5 or 7.

Moreover, in case that the eNB signals NOMA DCI or
E-DCI to the CUE, since the eNB need not have information
on the HARQ process of the EUE contained in the corre-
sponding DCI, it is able to reduce signaling overhead.

In the above mentioned embodiment, the HARQ process
number of the CUE matches the HARQ process number of
the EUE in the NOMA operation performed subframe for
example. Yet, the HARQ process of the CUE and the HARQ
process of the EUE may be equivalently regarded as 1:1
mapped to each other. For instance, for the NOMA opera-
tion, HARQ processes #A to #D of the CUE can be mapped
to HARQ processes #E to #H, respectively. For instance, in
a subframe corresponding to the HARQ process #B of the
CUE, the HARQ process #F of the EUE can be scheduled
to be performed. The eNB can signal the mapping between
the HARQ process of the CUE and the HARQ process of the
EUE to the CUE.

HARQ-process-specific NOMA operation is applicable to
Embodiment 1 and/or Embodiment 2. For instance, in
configuring a NOMA operation performed subframe, CUE
and EUE can be assumed as paired by HARQ process unit.

Thus, if CUE and EUE are paired by HARQ process unit,
complexity of UE can be reduced according to HARQ
operation of the CUE and the EUE. For example, in an initial
transmission of a specific HARQ process, CUE is assumed
as succeeding in data decoding of EUE and the EUE is
assumed as failing in decoding its data in a corresponding
subframe. Hence, EUE data is retransmitted in a next
subframe of the corresponding HARQ process. In doing so,
the CUE having succeeded in decoding the EUE data in a
previous subframe (e.g., initial transmission) can perform
interference cancellation (e.g., CWIC) using the same EUE
data stored owing to the successful decoding without decod-
ing EUE data retransmitted in a current subframe. Since it is
guaranteed that the same interference is caused from EUE in
retransmission by the same HARQ process, complexity of
CUE operation can be reduced and reliability can be
enhanced. This is the advantage in case of pairing CUE and
EUE by HARQ process unit. If HARQ processes of CUE
and EUE are independently configured, such a technical
effect cannot be obtained.

Meanwhile, an eNB may instruct CUE of information
indicating whether transmission to EUE is an initial trans-
mission or a retransmission, or the CUE may be aware of
such information through blind detection. For instance, the
CUE may be aware of a presence or non-presence of
retransmission through information such as NDI contained
in the blind-detected E-DCI or the like, by which the present
embodiment is non-limited.

Embodiment 4. Multiple NOMA Pairing in Frequency
Domain

The aforementioned embodiments are applicable to a
frequency domain. For example, an eNB can configure
NOMA operation with different EUEs by a unit of PRB,
PRB pair, or set of PRB pairs in a frequency domain. The
eNB may inform a CUE whether NOMA operation is
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performed with two or more EUEs in the same subframe.
The eNB may also indicate NOMA operation with a specific
UE using the aforementioned embodiments (e.g., bitmap)
and the like in a frequency domain. For example, the eNB
can inform the CUE that NOMA operation is performed
with EUE 1 in a PRB pair of an odd index in BW occupied
by the CUE and that NOMA operation is performed with
EUE 2 in a PRB pair of an even index.

Thus, it NOMA operation is performed with a plurality of
EUEs in a frequency domain, a CUE should be aware of all
information on different EUEs within a single subframe. For
instance, it means that a CUE is unable to perform NOMA
operation with information on a single EUE only. When a
CUE overhears (or blind-detects) DCI on EUE 1 in a specific
subframe, even if a modulation order QPSK is detected as a
result of the overhearing or blind detection, the CUE is
unable to apply the detected modulation order QPSK to the
entire corresponding subframe in cancelling interference.
Thus, the number of E-DCI overhearing, blind detections or
receptions, which should be performed by the CUE, may be
changed depending on the number of NOMA-paired EUEs.

For the multiple NOMA pairing in such a time/frequency
domain, an eNB may signal BW occupied by each EUE to
a CUE accurately as well as resource distribution of EUE
within a resource of the CUE. For instance, an eNB can
signal all RBs allocated to an EUE to a CUE as well as
EUE’s RB overlapping CUE’s RBs only. Although NOMA
operation is performed with the CUE on some of the whole
RBs allocated to the EUE, the CUE should be able to decode
data provided to the EUE in order to cancel interference by
CWIC scheme.

Moreover, the aforementioned embodiments are appli-
cable to a time/frequency domain independently or through
combination. For instance, a CUE performs NOMA opera-
tion for each of EUE 1 and EUE 2 on different frequency
resources in a subframe set 1, and may perform NOMA
operation for each of EUE 3 and EUE 4 on different
frequency resources in a subframe set 2.

FIG. 8 shows one example of a NOMA environment
according to another embodiment of the present invention.
FIG. 9 shows one example of a NOMA pairing of a CUE in
the NOMA environment shown in FIG. 8.

Referring to FIG. 8, a CUE is NOMA-paired with a
plurality of EUEs EUE 1 to EUE 3. A multitude of the EUEs
can be NOMA-paired with the CUE on different resources.

Referring to FIG. 9, an eNB performs NOMA operation
between CUE and EUE 1 & EUE 2 in a subframe set 1, and
also performs NOMA operation between CUE and EUE 3 in
a subframe set 2.

For such NOMA operations, the eNB can signal one or
more subframe patterns (e.g., bitmap indicating a subframe
set) to the CUE. The CUE grasps that different NOMA
operations (e.g., power offset, interferer’s BW, etc.) are
performed in the subframe sets, respectively, and is then able
to obtain data of EUE(s) paired on the corresponding
subframe set through NOMA DCI or E-DCI overhearing,
blind detection, or the like. The CUE then performs inter-
ference cancellation using the obtained data of the EUE.

Moreover, in a subframe belonging to the subframe set 1
of FIG. 9, the CUE performs NOMA operation with a
plurality of EUEs (e.g., EUE 1 and EUE 2). For instance, the
CUE can perform the NOMA operation for the EUE 1 and
the NOMA operation for the EUE 2 in the same subframe.
The CUE may detect EUE for which DL data transmission
is actually scheduled through NOMA DCI or E-DCI over-
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hearing or the like or detect BW and power offset of each
EUE and the like, thereby using it for interference cancel-
lation.

According to the embodiments of the present invention,
as described above, a throughput loss of EUE NOMA-paired
with CUE can be reduced. Moreover, after configuring
NOMA operations with a plurality of EUEs for CUE, an
eNB performs NOMA operation in consideration of a chan-
nel status of each UE and a presence or non-presence of
necessity for transmission to each EUE at a timing point of
transmitting data actually. Therefore, more flexible sched-
uling is possible.

FIG. 10 is a flowchart of a method of transmitting/
receiving a NOMA signal according to one embodiment of
the present invention. And, description redundant with the
aforementioned description shall be omitted.

Referring to FIG. 10, a CUE is NOMA-paired with a
plurality of EUEs. For instance, the CUE can be NOMA-
paired with a plurality of the EUEs on different resources
(e.g., time/frequency), respectively.

A base station signals NOMA pairing information to the
CUE [S1005]. The NOMA pairing information may include
information on a time and/or frequency resource on which
the CUE performs NOMA operations with a plurality of
EUEs. For instance, the NOMA pairing information may
include information on subframes (e.g., a bitmap indicating
a set of subframes) in which the CUE performs NOMA
operations with a plurality of EUEs. Moreover, the NOMA
pairing information may include information (e.g., RNTI,
etc.) on EUEs NOMA-paired with the CUE.

According to one embodiment, at least two of a plurality
of EUEs can be NOMA-paired with the CUE on different
PRBs (physical resource blocks) of the same subframe. For
instance, the CUE can receive information on a frequency
band of each of at least two NOMA-paired EUEs from the
base station. The information on the frequency band of each
of the EUEs may be signaled through NOMA pairing
information. The information on the frequency band of each
of the EUEs may indicate the entire frequency band of each
of at least two EUEs including PRBs for NOMA paring.

Moreover, the CUE may be NOMA-paired with EUEs by
HARQ process unit. For instance, each of the EUEs NOMA.-
paired with the CUE can be mapped to at least one of a
plurality of HARQ processes configured for the CUE. And,
the CUE and each of the EUEs may have the same HARQ
profess number on the NOMA -paired resource. The NOMA
pairing information may include information indicating that
each of the EUEs is mapped to which one of the HARQ
processes of the CUE.

The CUE can specify the NOMA-paired EUE on a
resource on which a NOMA signal will be received [S1010].
For instance, the CUE can specify the NOMA-paired EUE
based on the NOMA pairing information. For clarity, assume
that the CUE and EUE 2 are NOMA-paired on the corre-
sponding resource. The CUE can specify the EUE 2 through
HARQ process scheduled for the CUE on the resource on
which the NOMA signal will be received. For instance, the
CUE can be informed on an HARQ process number by the
base station (e.g., through C-DCI). The CUE can specify an
EUE (e.g., EUE 2) mapped to the HARQ process number
indicated by the base station. For clarity, the CUE exem-
plarily receives the signaling of the HARQ process number
through C-DCI, by which the scope of the appended claims
and their equivalents is non-limited. According to another
embodiment, an HARQ process number can be indicated
through upper layer signaling, separate signaling of E-DCI,
or NOMA DCI as well as C-DCI.
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The base station transmits E-DCI to the EUE [S1015].
Using the information (e.g., RNTI of EUE 2, etc.) on the
specified EUE 2, the CUE can overhear or blind-detect the
E-DCI transmitted to the EUE 2. According to another
embodiment, the base station may transmit E-DCI or infor-
mation corresponding to the E-DCI to the CUE through
separate signaling.

The CUE receives the NOMA signal in which signals of
the NOMA-paired UEs are multiplexed by different power
values [S1020].

The CUE can cancel the interference caused by the EUE
2 from the received NOMA signal [S1025]. For instance, the
CUE can obtain (e.g., demodulate and/or decode) a signal
(e.g., E-PDSCH) of the EUE 2 from the NOMA signal
through E-DCI. In obtaining the signal of the EUE 2 from
the NOMA signal, the CUE can regard a CUE’s signal (e.g.,
C-PDSCH) included in the NOMA signal as a general noise
and is able to perform demodulation and decoding of an
existing signal (e.g., non-NIMA operation). The reason for
this is described as follows. First of all, since a power of the
CUE’s signal is negligibly small in comparison with the
signal of the EUE 2, the CUE can obtain the signal of the
EUE 2 despite not performing the interference cancellation
by the NOMA operation. Yet, in obtaining the signal of the
EUE 2 more accurately, the CUE is not prohibited from
cancelling interference caused by the CUE’s signal by
NOMA scheme.

The CUE can encode and modulate the EUE 2’s signal
(e.g., a decoding completed information bit sequence)
detected from the NOMA signal through E-DCI. In the step
of encoding and modulating the EUE 2’s signal, it is able to
use such information, which is obtained through E-DCI, as
a coding rate, a modulation order, a transport block size and
the like. The CUE can estimate the interference caused by
the EUE 2 by applying a modulated symbol obtained by
modulating the EUE 2' signal to a current channel informa-
tion (e.g., a channel state on receiving the NOMA signal, a
last estimated channel state). The CUE can cancel the
estimated interference from the NOMA signal.

The CUE can demodulate and/or decode the CUE’s signal
in the NOMA signal from which the interference caused by
the EUE 2 is canceled [S1030]. For the demodulation/
decoding of the CUE’s signal, C-DCI received from the base
station can be used.

Device Configuration According to Embodiment of Pres-
ent Invention

FIG. 11 is a diagram showing configurations of a trans-
mitting point device and a receiving point device according
to an embodiment type of the present invention. In the
drawing, the transmitting point device (e.g., base station)
and the receiving point device (e.g., user equipment) can
perform the methods of the aforementioned embodiments
and description redundant with the aforementioned contents
can be omitted.

Referring to FIG. 11, a transmitting point device 10
according to one embodiment of the present invention may
include a receiving (Rx) module 11, a transmitting (Tx)
module 12, a processor 13, a memory 14 and a plurality of
antennas 15. A plurality of the antennas 15 may mean a
transmitting point device supportive of MIMO transmission
and reception. The receiving module 11 can receive various
signals, data and information in uplink from a user equip-
ment. The transmitting module 12 can transmit various
signals, data and information in downlink to the user equip-
ment. And, the processor 13 can control overall operations
of the transmitting point device 10.
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The processor 13 of the transmitting point device 10
according to one embodiment of the present invention can
process or handle the items required for the respective
embodiments mentioned in the foregoing description.

The processor 13 of the transmitting point device 10
performs functions of operating and processing information
received by the transmitting point device 10, information to
be transmitted by the transmitting point device 10, and the
like. The memory 14 can store the operated and processed
information and the like for a prescribed period and can be
substituted with such a component as a buffer (not shown in
the drawing) and the like.

Referring still to FIG. 11, a receiving point device 20
according to the present invention may include a receiving
module 21, a transmitting module 22, a processor 23, a
memory 24 and a plurality of antennas 25. A plurality of the
antennas 25 may mean a user equipment device supportive
of MIMO transmission and reception. The receiving module
21 can receive various signals, data and information in
downlink from a transmitting point. The transmitting mod-
ule 22 can transmit various signals, data and information in
uplink to the transmitting point. And, the processor 23 can
control overall operations of the receiving point device 20.

The processor 23 of the receiving point device 20 accord-
ing to one embodiment of the present invention can process
or handle the items required for the respective embodiments
mentioned in the foregoing description.

The processor 23 of the receiving point device 20 per-
forms functions of operating and processing information
received by the receiving point device 20, information to be
transmitted by the receiving point device 20, and the like.
The memory 24 can store the operated and processed
information and the like for a prescribed period and can be
substituted with such a component as a buffer (not shown in
the drawing) and the like.

In the above-mentioned detailed configurations of the
transmitting point device and the receiving point device, the
contents or items explained in the descriptions of the various
embodiments of the present invention may be independently
applicable or at least two embodiments of the present
invention may be simultaneously applicable. And, redundant
descriptions shall be omitted from the following description
for clarity.

The description of the transmitting point device 10 with
reference to FIG. 11 may be identically applicable to a relay
node device as a DL transmitting entity or a UL receiving
entity. And, the description of the receiving point device 20
with reference to FIG. 11 may be identically applicable to a
relay node device as a UL transmitting entity or a DL
receiving entity.

Embodiments of the present invention can be imple-
mented using various means. For instance, embodiments of
the present invention can be implemented using hardware,
firmware, software and/or any combinations thereof.

In case of the implementation by hardware, a method
according to each embodiment of the present invention can
be implemented by at least one of ASICs (application
specific integrated circuits), DSPs (digital signal proces-
sors), DSPDs (digital signal processing devices), PLDs
(programmable logic devices), FPGAs (field programmable
gate arrays), processor, controller, microcontroller, micro-
processor and the like.

In case of the implementation by firmware or software, a
method according to each embodiment of the present inven-
tion can be implemented by modules, procedures, and/or
functions for performing the above-explained functions or
operations. Software code is stored in a memory unit and is



US 10,103,831 B2

21

then drivable by a processor. The memory unit is provided
within or outside the processor to exchange data with the
processor through the various means known to the public.

As mentioned in the foregoing description, the detailed
descriptions for the preferred embodiments of the present
invention are provided to be implemented by those skilled in
the art. While the present invention has been described and
illustrated herein with reference to the preferred embodi-
ments thereof, it will be apparent to those skilled in the art
that various modifications and variations can be made
therein without departing from the spirit and scope of the
invention. For instance, the respective configurations dis-
closed in the aforesaid embodiments of the present invention
can be used by those skilled in the art in a manner of being
combined with one another. Therefore, the present invention
is non-limited by the embodiments disclosed herein but
intends to give a broadest scope matching the principles and
new features disclosed herein.

While the present invention has been described and
illustrated herein with reference to the preferred embodi-
ments thereof, it will be apparent to those skilled in the art
that various modifications and variations can be made
therein without departing from the spirit and scope of the
invention. Thus, it is intended that the present invention
covers the modifications and variations of this invention that
come within the scope of the appended claims and their
equivalents. The present invention is non-limited by the
embodiments disclosed herein but intends to give a broadest
scope matching the principles and new features disclosed
herein. And, it is apparently understandable that an embodi-
ment is configured by combining claims failing to have
relation of explicit citation in the appended claims together
or can be included as new claims by amendment after filing
an application.

INDUSTRIAL APPLICABILITY

The embodiments of the present invention mentioned in
the foregoing description are applicable to various kinds of
mobile communication systems.

What is claimed is:

1. A method of receiving a signal by a first user equipment
(UE) in a wireless communication system supporting non-
orthogonal multiple access (NOMA), the method compris-
ing:

receiving a NOMA signal in which signals of NOMA-

paired UEs are multiplexed by different power values;
and
canceling, from the NOMA signal, interference caused by
a second UE which is paired with the first UE, on a
resource in which the NOMA signal is received,

wherein the first UE is NOMA-paired with a plurality of
UEs including the second UE on different resources,
respectively and

wherein the second UE among the plurality of UEs is

specified through a hybrid automatic repeat request
(HARQ) process scheduled for the first UE on the
resource in which the NOMA signal is received.

2. The method of claim 1, wherein each of the plurality of
UEs NOMA -paired with the first UE is mapped to at least
one of a plurality of HARQ processes configured for the first
UE.

3. The method of claim 1, wherein the first UE and each
of the plurality of UEs have a same HARQ process number
on a NOMA-paired resource.
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4. The method of claim 1, further comprising:

obtaining downlink control information of the second UE
based on identifier information of the specified second
UE,

wherein in canceling the interference, a signal of the
second UE detected through the downlink control sig-
nal of the second UE is canceled from the NOMA
signal.

5. The method of claim 1, wherein at least two of the
plurality of UEs are NOMA-paired with the first UE on
different physical resource blocks (PRBs) of a same sub-
frame.

6. The method of claim 5, further comprising:

receiving, from a base station, information on a frequency
band of each of the at least two UEs,

wherein the information on the frequency band indicates
an entire frequency band of each of the at least two UEs
including the PRBs.

7. The method of claim 1, further comprising:

receiving information indicating a set of subframes in
which NOMA operation with the plurality of UEs is
performed.

8. The method of claim 1, further comprising:

receiving information on the plurality of UEs NOMA-
paired with the first UE.

9. A first user equipment (UE) for receiving a signal in a
wireless communication system supporting non-orthogonal
multiple access (NOMA), the first UE comprising:

a receiver for receiving a NOMA signal in which signals
of NOMA-paired UEs are multiplexed by different
power values; and

a processor for canceling, from the NOMA signal, inter-
ference caused by a second UE which is paired with the
first UE, on a resource in which the NOMA signal is
received,

wherein the first UE is NOMA-paired with a plurality of
UEs including the second UE on different resources,
respectively and

wherein the second UE among the plurality of UEs is
specified through a hybrid automatic repeat request
(HARQ) process scheduled for the first UE on the
resource in which the NOMA signal is received.

10. The first UE of claim 9, wherein each of the plurality
of UEs NOMA -paired with the first UE is mapped to at least
one of a plurality of HARQ processes configured for the first
UE.

11. The first UE of claim 9, wherein the first UE and each
of the plurality of UEs have a same HARQ process number
on a NOMA-paired resource.

12. The first UE of claim 9,

wherein the receiver receives downlink control informa-
tion of the second UE based on identifier information of
the specified second UE and

wherein the processor cancels a signal of the second UE
detected through the downlink control signal of the
second UE from the NOMA signal.

13. The first UE of claim 9, wherein at least two of the
plurality of UEs are NOMA-paired with the first UE on
different physical resource blocks (PRBs) of a same sub-
frame.

14. The first UE of claim 13,

wherein the receiver receives information on a frequency
band of each of the at least two UEs from a base station
and

wherein the information on the frequency band indicates
an entire frequency band of each of the at least two UEs
including the PRBs.
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15. The first UE of claim 9, wherein the receiver receives
information indicating a set of subframes in which NOMA
operation with the plurality of UEs is performed and
receives information on the plurality of UEs NOMA-paired
with the first UE. 5
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